Seizures after an asphyxial insult may result in brain damage in neonates. Prophylactic phenobarbital may reduce seizures. Objective. To determine the e ect of prophylactic phenobarbital on seizures, death and neurological outcome at hospital discharge. Methods. Neonates with base de cit >16 mmol/l and Apgar score at 5 minutes <7 or requiring resuscitation for >5 minutes at the time of birth were randomised to prophylactic phenobarbital 40 mg/kg (n=50) or placebo (controls) (n=44) within the rst 6 hours of life. ey were monitored for clinical seizures, hypoxic ischaemic encephalopathy (HIE) and mortality. Results. Seizures developed in 30.0% of the phenobarbital group as opposed to 47.7% of the control group (relative risk 0.63; 95% con dence interval -0.37 -1.06; p=0.083). e proportions of patients who had died and/or had HIE II or III at time of discharge from hospital were similar in the two groups (42.0% v. 45.5%). ere were no di erences in mortality between the two groups (14.0% v. 15.9%). Conclusion. In infants with asphyxia, prophylactic phenobarbital does not reduce the incidence of seizures, HIE and mortality.
Perinatal asphyxia remains a common cause of neonatal death and is also one of the causes of brain damage resulting in long-term neurological de cits in children. e brain injury that develops due to asphyxia is related to increased cerebral blood ow, increased cerebral metabolism and re-oxygenation, which lead to cerebral oedema and excessive production of free radicals. [1] [2] [3] Newborn babies with brain injury secondary to intrapartum asphyxia may present with neonatal seizures as early as 4 hours after birth.
e incidence of seizures following perinatal asphyxia has been reported to be as high as 50 -68%. [4, 5] Seizures may result in an increase in metabolic demands, leading to further neurological damage. Repeated seizures may interfere with brain growth and development, resulting in neurological impairment. [6, 7] Neurological damage secondary to occurrence of seizures suggests that treating or preventing seizures may be bene cial in infants with perinatal asphyxia.
Seizures in neonates are often di cult to diagnose because their presentation is frequently subtle, and some of them can only be diagnosed electrographically. Electrographic seizures occurring in the absence of clinical seizures in neurologically abnormal newborns are reported to be common. [8] [9] [10] [11] Electrographic seizures have been associated with high mortality and morbidity. [9, [12] [13] [14] Treating these seizures could therefore reduce the mortality and morbidity associated with perinatal asphyxia. Seizures of this type can only be diagnosed through the use of an electroencephalograph (EEG). In developing countries monitoring of patients with perinatal asphyxia/hypoxic encephalopathy using an EEG is often not possible because of lack of or inadequate resources. Giving an anticonvulsant empirically in all infants with perinatal asphyxia who are at risk of developing seizures could reduce the mortality and morbidity associated with these electrographic seizures.
Phenobarbital is an anticonvulsant commonly used in neonates with seizures. Prophylactic phenobarbital in newborns with perinatal asphyxia has been reported to reduce the incidence of seizures. [15, 16] In addition to its anticonvulsant e ects, it potentially has a neuroprotective e ect through reducing the metabolic rate, inhibiting lipid peroxidation, stabilising cell membranes, and freeradical scavenging action. [17] [18] [19] is possible neuroprotective e ect of phenobarbital has been supported by a study that reported a signi cant improvement in neurological outcome at 3 years of age. [20] ere is also a concern that early administration of phenobarbital in infants with perinatal asphyxia may be associated with an increased incidence of seizures and mortality. [21] Studies that have reported a reduction of seizures and perinatal mortality with phenobarbital have been either retrospective studies or prospective randomised clinical trials with small sample sizes. In this study, we aimed to determine whether prophylactic single-dose intravenous phenobarbital given within 6 hours of birth to term and near-term neonates with perinatal asphyxia would decrease the death rate or abnormal ndings on neurological examination at time of discharge.
Methods
e study was conducted at Chris Hani Baragwanath Academic Hospital, a public government hospital in Johannesburg, South Africa,
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from March 2003 to August 2005. Infants with a gestational age of ≥34 weeks and/or weight ≥2 000 g were eligible for the study if they had a base de cit of ≥16 mmol/l on measurement of arterial blood gas within an hour of delivery and an Apgar score of <7 at 5 minutes, or required resuscitation for more than 5 minutes. Infants who had congenital abnormalities, could not be randomised to intervention within 6 hours after birth or had no spontaneous respiration within 20 minutes after birth with or without bradycardia were excluded. e enrolled infants were randomly assigned to a treatment or placebo group using sealed serially numbered opaque envelopes that were opened only at the time of randomisation. e infants in the intervention group were given an infusion of phenobarbital 40 mg/kg over a period of an hour, starting within the rst 6 hours after birth. e phenobarbital was prepared at a strength of 40 mg/ml. Infants in the placebo group were given 1 ml/kg of normal saline (sodium chloride solution), also infused over a period of an hour within the rst 6 hours after birth.
e rest of the management of the two study groups was the same. Infants were monitored for oxygen saturation, blood pressure, heart rate and respiratory rate every 15 minutes during administration of the study drug or the placebo, then every hour for 6 hours, then every 3 hours for 24 hours. All patients received nil per mouth for the rst 24 hours of life, were started on a 10% dextrose-based solution at 60 ml/kg/24 h, had 3-hourly haemoglucotest monitoring, and had their serum electrolytes and creatinine measured 24 -48 hours after birth. All patients were started on ampicillin and gentamicin, since sepsis was considered to be a possible cause of asphyxia; these were stopped at 48 -72 hours if laboratory markers for sepsis (complete blood count, C-reactive protein and blood culture) were negative. Induced hypothermia was not used in any of the patients since it was not part of standard treatment. Patients who developed seizures had their serum electrolytes and glucose, calcium and magnesium levels measured. Infants received a neurological examination before the study drug was administered, but ndings from this examination were not used as criteria for inclusion or exclusion. All the nurses and doctors looking after the patients were blinded to the group allocation. Infants were observed for development of clinical seizures by both nurses and doctors, and those who developed seizures were managed with phenytoin and clonazepam. If they continued to have seizures despite infusion of phenytoin 20 mg/kg and a dose of intravenous clonazepam 0.1 mg/kg, the code was broken and those who were randomised to saline were managed with phenobarbital. In the infants who were on phenobarbital, blood was taken for measurement of the phenobarbital level and they were treated with phenobarbital if the level was below the therapeutic range. Neonatal consultants who were not involved in taking care of the infants were asked to do neurological examinations according to Sarnat staging in all patients 12 -24 hours, 2 -3 days and 5 -7 days after birth and on discharge.
Statistical analysis
Description of the characteristics of the patients enrolled was performed using means, standard deviations (SDs) for parametric measures, and medians and percentiles for non-parametric measures. Comparisons for categorical variables were performed using a chisquare test, Student's t-test was used for continuous variables, and di erences were considered to be signi cant if the p-value was <0.05.
Results
ere were 94 infants who were randomly assigned, 50 to the phenobarbital group and 44 to the normal saline group (placebo).
ere were no signi cant di erences between the two groups with regard to signs suggestive of fetal distress, namely meconium staining of the amniotic uid and cardiotocographic abnormalities (Table 1) .
ere were also no signi cant di erences in mean birth weight, gestation, 5-minute Apgar score, extent of resuscitation required, pH or base de cit (Table 2 ). e mean age at administration of phenobarbital was 245 (SD 72) minutes, which was greater than the mean age at which normal saline was given (210 (SD 81) minutes) (p=0.043).
e severity of hypoxic ischaemic encephalopathy according to Sarnat staging at the time of enrolment was similar between the two groups (Table 3) . ere were no signi cant changes in heart rate, respiratory rate or blood pressure during and after phenobarbital infusion (data not shown).
Of the 21 patients in the placebo group who had seizures, 6 continued to have seizures despite administration of phenytoin and clonazepam and were subsequently treated with phenobarbital after the code was broken. ese patients were analysed in the control group as the analysis was done on an intention-to-treat basis. In the phenobarbital group, 2 of the 15 patients who had seizures were not controlled on phenytoin and clonazepam and were treated with phenobarbital after phenobarbital serum levels were measured and found to be low. Outcomes (morbidity and mortality) to hospital discharge in the two groups are compared in Tables 4 and 5 . Of the patients who were given phenobarbital, 30.0% developed seizures, compared with 47.7% in the control group (relative risk (RR) 0.63; 95% con dence interval (CI) 0.37 -1.06; p=0.083). None of the patients who had seizures had hypoglycaemia, hypocalcaemia or electrolyte abnormalities, and overall there were no di erences in serum electrolytes and glucose levels between the two groups.
e proportions of patients who had died or were assessed as having hypoxic ischaemic encephalopathy (HIE) II or III at discharge were similar between the two groups, 42.0% in the phenobarbital group compared with 45.5% in the control group (RR 0.92; 95% CI 0.58 -1.46; p=0.736). ere was no statistically signi cant di erence between the two groups in the proportions of patients who had HIE I at enrolment and had progressed to HIE II or III by the time of discharge (RR 0.69; 95% CI 0.29 -1.66; p=0.413).
Of the 94 patients enrolled, 14 (14.9%) died, all of them due to severe HIE. ere were no di erences in mortality rates between the two groups (14.0% v. 15.9%). All the patients who died were assessed as having severe encephalopathy (HIE III) before enrolment except for one, who was assessed as having HIE I but had progressed to HIE III by the time she died; this patient was in the phenobarbital group. Among the patients with HIE II or III, there were no statistically signi cant di erences between the two groups in improvement to normal or HIE I (39.3% v. 28.0%; RR 1.40; 95% CI 0.64 -3.06; p=0.394). Mortality rates in patients with HIE II or III were not signi cantly di erent between the two groups (21.4% v. 28.0%; RR 0.76; 95% CI 0.30 -1.97; p=0.580) ( Table 5 ).
Discussion
Although hypothermia is becoming part of standard care in the management of full-term infants with moderate to severe hypoxic ischaemic encephalopathy, it is not readily available in developing countries, where the need is greater than in developed countries because of the high incidence of asphyxia. [22] [23] [24] E orts to nd less expensive therapies to reduce brain injury secondary to asphyxia should therefore continue.
One of the contributors to brain injury is seizures. Electrographic seizures have been reported to occur in 65% of patients with HIE treated with hypothermia, and 47% of these seizures were nonconvulsive. [25] Prophylactic phenobarbital with or without hypothermia may therefore reduce brain injury through its anticonvulsant e ects. In this study we enrolled 94 patients to evaluate the e ect of prophylactic phenobarbital on short-term neurological outcomes, i.e. development of seizures, severity of hypoxic encephalopathy at the time of hospital discharge, and mortality, in infants with perinatal asphyxia. We found that prophylactic phenobarbital given within 6 hours of birth in infants with perinatal asphyxia did not a ect these outcomes.
A number of studies looking at the e ect of prophylactic phenobarbital or other barbiturates in reducing the development RESEARCH of seizures in infants with perinatal asphyxia have reported contradictory results. [15, 16, 20, 21, 26] In 1982, Svenningsen et al. reported that administration of phenobarbital within 60 minutes of delivery in infants with severe neonatal asphyxia, without awaiting clinical signs of convulsions, was associated with a 67% reduction in recurrent neonatal seizures. [15] is was a retrospective study, in contrast to our study, which was a prospective study. A relatively recent study by Singh et al. also reported that phenobarbital given within 6 hours of birth to term and near-term neonates with HIE reduced the incidence of seizures by 80%, but they only enrolled 45 infants, a smaller number than in our study. [16] In a retrospective chart review of term infants with perinatal asphyxia, Ajayi et al. reported the contrasting nding that phenobarbital given within 1 hour after resuscitation with the aim of preventing HIE was associated with a threefold increase in the incidence of subsequent seizures, and that seizures per se were associated with almost 20-fold increase in mortality. [21] Studies by Hall et al. and Goldberg et al. reported similar results to ours, prophylactic phenobarbital or thiopental not being associated with reductions in the incidence of seizures. [20, 26] e reasons for the di erences in rates of occurrence of seizures between the studies are unclear, but they could be due to the study design or numbers enrolled. e numbers enrolled in the studies by Svenningsen et al. and Singh et al. are small, and the study by Ajayi et al. was a retrospective review, and the decision to give phenobarbital was based on the choice of the attending doctor; doctors could therefore have given phenobarbital to infants who had severe asphyxia and were therefore more likely to have seizures or to die. Recently, Meyn et al. reported that prophylactic phenobarbital reduced clinical seizures in infants with HIE managed with induced hypothermia, although it did not have an e ect on death and neurological impairment. [27] Loss of beat-to-beat variability, n (%) 2 (7.1) 2 (7. 
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We did not nd that use of prophylactic phenobarbital was associated with a di erence in mortality and HIE or its severity. Our ndings are similar to those reported by Hall et al. [20] and Singh et al. [16] Svenningsen et al. [15] reported a reduction in mortality, while Ajayi et al. [21] reported an increase in mortality. e most likely reason for this di erence was that the Ajayi study was done in a country with limited resources, so monitoring and other aspects of the management of the asphyxiated infants may have been inadequate; for example, they were not given mechanical ventilation, and their patients had more severe asphyxia than those in our study. Use of prophylactic phenobarbital in the absence of inadequate monitoring or mechanical ventilation may be associated with high mortality, and it may not have an impact in infants who have had severe asphyxia. Sarkar et al. reported ndings similar to ours, i.e. that phenobarbital did not improve outcome in terms of neonatal death in infants with HIE. [28] Hall et al. reported that prophylactic phenobarbital was associated with a 67% reduction in abnormal neurological outcomes, [20] results similar to those reported by Svenningsen et al. [15] Two studies that have reported on use of phenobarbital in infants with HIE treated with induced hypothermia reported that it had no e ect on the composite outcome of death and neurological impairment. [27, 28] We were unable to report on long-term neurological outcomes because of a high attrition rate. e e ect of phenobarbital on longterm outcome needs to be studied further, especially in developing countries where resources are limited. When conducting studies in developing countries it is necessary to make adequate resources available to provide interventions to be studied and to ensure that patients come back for follow-up in order to complete the studies as planned and avoid high attrition rates.
e major limitation of our study was that seizures were only monitored clinically, so electrographic seizures with no clinical manifestation could have been missed. Future studies on the use of prophylactic phenobarbital should monitor for seizures electrographically.
On the basis of our ndings, we conclude that prophylactic phenobarbital 40 mg/kg in infants with asphyxia has no e ect on the incidence of seizures, the incidence and severity of HIE at the time of hospital discharge, or mortality. If prophylactic phenobarbital does have an e ect in improving long-term neurodevelopmental outcome, it is probably not through its anticonvulsant e ect but through other mechanisms, namely inhibiting lipid peroxidation, stabilising cell membranes, and free-radical scavenging. [16, 17] 
